Since the mid-1990s, the myxosporean emaciation disease has occurred extensively in many farms of tiger puffer Takifugu rubripes in sites located in western Japan.
Affected fish showed external signs of severe emaciation including sunken eyes(enophthalmia),bony ridges on the head and a tapered body (Tin Tun et al., 2000; Ogawa and Yokoyama,2001) .By subsequent parasitological and molecular studies,three enteric myxozoans,Enteromyxum fugu(=Myxidium fugu), Enteromyxum leei(=Myxidium sp.TP)and Leptotheca fugu, were found from the intestine of diseased fish (Tin Tun et al.,2000; Yanagida et al.,2004; 2005) .Subse quently, the latter two species were shown to be respon sible for the emaciation disease . In recent years, a similar disease has been noticed in Japanese flounder Paralichthys olivaceus farmed in Miyazaki Prefecture, Japan. Japanese flounder were cultured in concrete tanks at a land-based site supplied with flow-through sea water. The Japanese flounder 
Results
Gross and bacteriological observations Affected Japanese flounder showed external signs of distended abdomen, rectal prolapse, sunken eyes and a typical bony ridge on the skull (Fig. 1A) .Ascites, mucous liquid in the digestive tract and a flimsy intestinal wall were also evident.Occassionally,Edwardsiella tarda, the causative bacterium of edwardsiellosis, was isolated from the kidney(about 20% of examined fish), but it was not found consistently in emaciated fish. H. Yasuda, T. Ooyama, A. Nakamura, K. Iwata, O. Palenzuela and H. Yokoyama identity to the enteric myxozoan Enteromyxum leer, both from sharpsnout sea bream Diplodus puntazzo (AF411334) and from tiger puffer (AY520574).
Transmission from Japanese flounder to tiger puffer
In all the samplings, developmental stages of enteric myxosporean were detected in tiger puffer fed with the infected intestine. Prevalence of infection varied between 10% and 40% (Table 1 ). All control fish remained uninfected throughout the study. Although mean body weight was consistently lower in recipient fish than in control fish (but not significantly different), no typical external signs of emaciation disease were noticed. Table 1 . Transmission of Enteromyxum leer to tiger puffer Takifugu rubripes by feeding with the gut tissue of E. leei-infected Japanese flounder Paralichthys olivaceus
Transmission among Japanese flounder All the recipient Japanese flounder were infected with the enteric myxozoan at the end of the experiment (Table 2) . One heavily infected fish died 17 days PE. Most of recipient fish exhibited anorexia around 25-29 days PE, and five out of nine fish showed typical signs of the emaciation disease.
Frequencies of the developmental stages in donor fish were 98.6%, 1.4% and 0% in pre-sporogonic, sporogonic and spore stages, respectively.
A slight increment in proportions of sporogonic (4.9%) and spore (2.9%) stages was noted in recipient fish (Table 2 ). All control fish remained Table 2 . Transmission of Enteromyxum leei to Japanese floun der Paralichthys olivaceus by feeding with the gut tis sue of E. leei-infected Japanese flounder uninfected at the end of the experiment.
Discussion
To date, four enteric myxozoans have been described in marine fishes; E. leei from many fish spe cies, particularly sparids cultured in the Mediterranean and Red Sea (Diamant et aL, 1994) and also from tiger puffer cultured in Japan (Tin Tun et al., 2000) ; E. scophthalmi from turbot Scophthalmus maximus farmed in Spain ; and E. fugu and Leptotheca fugu from tiger puffer cultured in Japan (Tin Tun et al., 2000) . Among them, E. scophthalmi, E. fugu and L. fugu were clearly distinguishable from the current myxozoan of Japanese flounder in the larger spore size, the different site of infection, and the different morphol ogy of polar capsules, respectively. Spore shape and dimensions of the myxozoan from Japanese flounder were consistent with those of E. leei. In addition, plas modia of the present myxozoan were shown to be posi tive for Uvitex 2B staining, which was proposed as a complementary criterion for a diagnostic feature for E. leei (Yanagida et al., 2004) . These morphological simi larities are consistent with the definitive identification facilitated by the SSUr DNA analysis, showing >99% identity with other E. leei isolates from sharpsnout sea bream and tiger puffer Yanagida et al., 2004) . The current sequence has the same length as the isolate from tiger puffer (1588 bps.), 1 bp less than the original sequence from sharpsnout sea bream. Despite this difference in length, corre sponding to a consistent deletion of one adenine base in Japanese isolates (position 169 of AF411334), the re maining mismatches can be attributed to ambiguously resolved residues or previously identified polymorphic sites. Thus, the present species parasitizing Japanese flounder was clearly identified as E. leei. The signifi cance of the single adenine insertion/deletion in sequences from Mediterranean and Japanese isolates, if any, remains to be investigated. This is the first report of E. leei infection in Japanese flounder, but the broad host range of E. leei has been already described by different authors. Lc Breton and Marques (1995) found that cultured sharpsnout sea bream and red sea bream Pagrus major were affected by E. leei. Diamant (1998) This list has significantly lengthened in the last few years by epidemiological studies in other Mediterranean wild fishes (Palenzuela, unpublished data) . In Japan, unidentified developmen tal stages resembling E. leei in the intestine of cultured thread-sail filefish Stephanolepis cirrhifer have also been detected (Yasuda, unpublished data) . Thus, it is of great concern that E. leei could spread further to other important fishes in aquaculture industry in Japan, and worldwide.
Scarce information is available on factors causing the myxosporean emaciation disease.
Our previous work suggested that the development of E. leei was strongly influenced by the ambient temperature (Yasuda et al., 2002) . Redondo et al. (2002) also reported that infections with E. scophthalmi were established earlier at higher water temperature.
Our preliminary experiment showed that a poor growth and a lower liver to body weight ratio were recorded in some affected fish which were reared at a high density in a tank, suggesting that severe damages of the gut epithelia caused by E. leei resulted in malnutrition (Yasuda, unpublished data) . This warrants further studies on the effect of the fish stocking density on onset of the myxosporean emacia tion disease.
Fish-to-fish transmission of Enteromyxum spp. could explain the rapid spread of the parasites within fish farms (Diamant, 1997; 1998; Redondo et al., 2002; Yasuda et al., 2002) . However, the nature of the infec tive stages still remains to be clarified. In the current study, the semi-quantitative evaluation of the develop mental stages of E. leei allowed us to examine the pro gression of parasite maturation in fish hosts. The lack of spore stages and the abundance of pre-sporogonic stages in donor fish suggest that the latter are the ones transmitting the infection to recipient fish. This interpre tation agrees with that previously presented by Diamant (1997) and Redondo et al. (2002) , due to scarce spore formation even in advanced state of infection. This is the first record of trophozoites movement in the genus Enteromyxum. This phenomenon seems to have a resemblance to the extrasporogonic blood stages of Sphaerospora renicola, which exhibited a constant twitching or rotating movement (Lom et al., 1983) . Interestingly, an experimental transmission of S. renicola by inoculating the mobile blood stages in common carp was successful (Molnar and Kovacs-Gayer, 1986; Molnar, 1988) . It is possible that such a mobility of myxozoan trophozoites is related to the infectivity of the parasite to fish host.
In the present study, there was no remarkable differ ence in parasite development between Japanese flounder and tiger puffer. Rare sporulation of E. leei in tiger puffer has been reported (Tin Tun et al., 2000) , implicating that this host may be an 'abnormal host' for E. leei. Subsequently, Yanagida et al. (2004) demonstrated that fully mature spores were produced in red sea bream fed with developmental stages of E. leei derived from tiger puffer. Different susceptibility to E. leei has been reported among aquarium fishes (Padros et al., 2001) , with labrids and blennids being the species more vulnerable to enteromyxosis.
Further studies are required to compare host-parasite relations among dif ferent fish species.
In conclusion, the present study demonstrates that the myxosporean emaciation disease of Japanese flounder is caused by E. leei. Successful fish-to-fish trans mission of this parasite suggests spreading of E. leei infection from cultured tiger puffer to Japanese flounder. Routes of infection (e.g., neighboring fish farms, wild fishes or culture seedlings) should be clarified in future studies.
